To study the temperature variation of Polytetrafluorethylene/Al (mass ratio 73.5/26.5) energetic reactive material under impact loads, using the ANSYS-AUTODYN to carry out numerical simulation for its temperature changes when penetrating 45 steel target. Through the analysis of the temperature change which occurred on the gauge, it shows that with the increase of penetrating velocity, the temperature of energetic material nonlinear rises. Numerical simulation also shows that when the velocity is lower than 1200m/s, the maximum temperature of energetic materials is in the head, above this velocity in the middle. Literature results validate the simulation is reasonable.
INTRODUCTION
Currently fluoropolymer-reactive material has become a hot research in the world, the high-energy, insensitive and unique characteristics of energy release makes it become a new energetic materials. The analysis of physical parameters is very complicated and difficult to deal with [1] , most of the research still remains at the stage from the experience, the temperature study of energetic materials was less [2] .PTFE/Al in high-speed crash can occur deflagration, heat release up to 14.9 kJ/g [1] , so the study of its impact on thermal effects is extremely important. The simulation can reflect the details of penetrating process and it is helpful to understand the experimental phenomenon. Appling the AUTODYN-3D to carry out the numerical simulation for the Study on the impacting thermal effects of PTFE/Al energetic materials when penetrating 45 steel target in the paper, analyze the regularities of the temperature variation in energetic material. ______ Xiang Xin Qiao, Shenyang Ligong University, No.6 Nanping Central Road, Shenyang, Liaoning, China Xiao Wen Hong, Shenyang Ligong University, No.6 Nanping Central Road, Shenyang, Liaoning, China Lei Qiao, Shenyang Ligong University, No.6 Nanping Central Road, Shenyang, Liaoning, China NUMERICAL TOOL: HYDROCODE
Hydrocodel Model
The material of the shell is 35CrMnSiA with the length, the diameter and the thickness of the shell and the bottom are 12mm, 12mm, 2mm and 2mm respectively. The inner material is PTFE/Al (mass ratio of 73.5/26.5) with dimensions Φ8×7mm. The Target material of the thick plate is 45 steel, which is 8mm. Considering the symmetry of the structure, symmetrical constraint is applied to the symmetrical face. Fixed boundary condition is applied to the boundary of the target. Using Lagrange algorithm and mm-mg-ms units. Using hexahedral meshes. The finite element model is shown in Figure 1 . 
Numerical
Model. Firstly, the model should meet the basic assumptions as follows: uniform continuous media, the adiabatic impacting process, ignoring air resistance and the effects of gravity. Besides, selecting the material model. The material model includes equation-of-state, strength model and failure criterion. Three kinds of material models are shown in Table I . 
RESULTS AND DISCUSSION

The Numerical Calculation of Penetrating Process
Six different velocities of energetic fragments are applied to the numerical model, 500m/s, 850m/s, 1000m/s, 1200m/s, 1500m/s, 1800m/s, to penetrate steel target.
Resulting from the change of temperature contours of the entire calculated model, the temperature contours of energetic materials is not obvious, the temperature contours of energetic materials is showed only. The temperature variation of energetic materials under several observed moments of 1200m/s is shown in Figure 2 . Seen in Figure 2 (a), in the initial stage of impacting the target, energetic materials are squeezed by shell, the shell produced a high amplitude of compression waves in short time to compress the fore-end energetic materials into the plastic deformation, and the temperature increase, as shown in Figure 2(b) ,The fore-end energetic materials is further compressed by shell and the tail of the energetic materials is beginning with a upsetting. With the stress wave propagating backwards, the tail of the energetic materials is also occurred in a upsetting and the temperature was changed, the plastic deformation is becoming more apparent, as shown in Figure  2 (c). When penetrating throughout the target at 40 , the temperature of energetic material decreased and tended to be stable, as shown in Figure 2(d) .
The Analysis of Different Gauge Points of Temperature Variation
Select three gauge points along the axial direction in the head, middle and tail of the energetic materials. Figure 3 shows the temp-time histories at the gauge points. . When 6~40 , with the reduction of penetration velocity, the pressure reduced, the plastic deformation of the material reduced, the temperature gradually decreased and stabilized. From the figure we can also see that the higher the penetration velocity, the shorter time of penetration. Furthermore, the higher the temperature, the shorter the stable time. In Figure 3(b) , the temperature of central gauge began to change between the head and tail at about 4 and then the temperature dropped and tended to be stable, the maximum stable temperature is about 620K, the minimum stable temperature is about 320K, it indicates that the temperature is no significant rise at low velocity, and the time of the dropping temperature which tended to be stable is relatively short at about 8 . Besides, the temperature was significantly higher than that of head and tail when penetrating above 1000m/s. Because of that when the velocity is above 1000m/s, the external shell was ruptured and the energetic materials were compressed. At the same time, the energetic materials drastically flows with plastic deformation and produced a high temperature which can reach about 1000K. In Figure 3(c) , with the increase of penetration velocity, the change of the maximum temperature becomes more significant. It also shows that the temperature of the tail changed not very clear at less than 1200m/s and the temperature of tail changed slower than the head, the temperature stabilized at about 15
. As the compressive wave first propagates on the head of the energetic materials, the plastic deformation of the middle and the tail appears lag, the temperature change will lag. For the velocity of 500m/s, 850m/s, 1000m/s, the maximum temperature appears at the head of gauge and for the velocity of 1200m/s, 1500m/s, 1800m/s, the maximum temperature appears in the middle of gauge.
THE REASONABLE ANALYSIS OF COMPUTED RESULT
Studying on the impacting thermal effects of PTFE/Al energetic materials is still a problem, numerical simulation is rare. The computed result is compared with the result of Ref. [2] that without the shell to indicate the trends of the temperature variation. The calculated temperature are compared with the results of Ref. [2] in Figure 4 . The results in Figure 4 show that in the process of penetrating, regardless of whether there is a shell of energetic materials or not, its temperature trends with the increase velocity are rising. The computed results of the temperature variation is less than Ref. [2] , it is because that the shell of energetic materials first deform plastically. According to the metal thermodynamics, the thermal conductivity of the metal material decreases with the increasing temperature. For this reason, the thermal conductivity of the shell decreases with the increasing temperature, and then passed less to the energetic materials, so the temperature of energetic materials rises less than those without shell. The numerical simulation is in accord with the literature results.
CONCLUSIONS
Based AUTODYN-3D software to calculate temperature variation when penetrating target. The results show that with the increase of penetration velocity, the temperature of energetic materials nonlinear rises. Numerical simulation also shows that when the velocity is lower than 1200m/s, the maximum temperature of energetic materials is in the head, above this velocity in the middle. The method of numerical simulation can provide a reference for the further research for thermal effects of PTFE/Al energetic materials.
